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Abstract

A drug therapy can alter the pharmacokinet ic profiles and biodist r ibut ion pat terns of

radiopharmaceut icals. Glucocort icoids are pharmaceut ical drugs for ant i- inflammatory by

prevent ing phospholipid release and decreasing eosinophil act ion. To achieve an opt imum

diagnost ic outcome, this research was focused on pharmacokinet ics interact ion and biodist r ibut ion

pat tern between two kinds of Glucocort icoids drugs i.e. dexamethasone and prednisone with 99mTc-

MDP using animal model Mus musculus stock Swiss. 99mTc-MDP has been developed as

radiopharmaceut ical for  bone imaging in nuclear medicine. Mice were divided into three groups,

which were t reated with dexamethasone by oral adm inist rat ion for 5 days cont inously, t reatment

with prednisone by oral administ rat ion for 3 days cont inously and without  t reatment (cont rol) .
Pharmacokinet ics interact ion was conducted by inject ing 200L 99mTc-MDP int ravenously

adm inist rated using a dose 1 Ci/ L. Biodist r ibut ion pat tern was conducted by inject ing 200 L
99mTc-MDP int ravenously adm inist rated using a dose 1 Ci/ L. After 3 hours after int ravenous

inject ion of 99mTc-MDP each of these groups of animals were killed with chloroform and then

dissected. Radioact iv ity of blood samples and selected organs were weighed and counted by using

single channel analyzer. The results of pharmacokinet ics study showed that  the elim inat ion half- life

of animal model that  given with dexamethasone and prednisone are 4.61 h and 4.63 h more faster

than cont rol animals (20.67 h) . The results of biodist r ibut ion study showed that  uptake of 99mTc-

MDP in bone using animal models decreased which were given dexamethasone and prednisone

compared to normal animals, which following results 3.53 ±  0.49% , 3.47 ±  0.5%  and 11.54 ±

4.36% (control) .

Key w ords: 99mTc-MDP Radiopharmaceut icals, Pharmacokinet ics I nteract ion,

Glucocort icoids, biodistr ibut ion pat tern.

I nt roduct ion
99mTc-MDP radiopharmaceut icals have been clinically approved and widely used for bone im aging in

nuclear medicine (Schwochau, 2000) . This complexes are preferable because there are m ore stable in

vivo than P-O-P bond of phosphates. P-O-P bond can be easily broken down by phosphatase enzym es,

but  the P-C-P bond in diphosphonate of 99mTc-MDP is not  affected (Khalil, 2011) . This com plexes were

used for metastat ic bone cancer because their high sensit ivit y can detect m etastases before

occurrence of anatom ical changes (Ogawa & I shizaki,  2015) (Goyal & Antonarakis, 2012) .

Radiopharmaceut icals are used for two purposes. The first  is their use as a t raced com pound

adm inistered to a pat ient  for observing physiological alterat ions or abnorm al dist r ibut ion throughout of

the body and the second is their use as a t racer for biochemical or physiological studies (Santos-

Oliveira, 2008) . The pharmacokinet ics or biodist ribut ion of radiopharm aceut ical m ay alter by a variety

of drugs, disease states and surgical procedurs (Santos-Oliveira, 2008) , which a significant  clinical

impact  on safety, scan interpretat ion, and diagnost ic imaging accuracy (Factors, 2010) .

I n a previous study, it  was known that  alum inium  containing drugs ,  nifedipine, et idronate,

pam idronate and vitam in D could reduce bone uptake of 99mTc-MDP and 99mTc-HDP (Factors, 2010) .

Glucocort icoids have become one of the most  w idely used and effect ive t reatments for various

inflammatory for palliat ive t reatment . Adm inist rat ion of Glucocort icoids especially for long term

system ic by oral or parenteral can induce bone loss, osteoporosis and fractures, adrenal suppression,

hyperglycem ia, diabetes, cardiovascular disease, and immunosuppression (Liu et  al., 2013) . This

research is focused on studying the Glucocort icoids drug interact ions with 99mTc-MDP

radiopharmaceut ical using m ice stock swiss through observat ion the changes in pharm acokinet ics

profiles and biodist r ibut ion pat tern.

242



Proceedings of The 5 th Annual I nternat ional Conference Syiah Kuala Universit y (AIC Unsyiah)  2015

In conjunct ion with The 8 th I nternat ional Conference of Chemical Engineering on Science and Applicat ions (ChESA) 2015

September 9-11, 2015, Banda Aceh, I ndonesia

Materials and Methods

The materials to carry out  in this research were MDP (Sigma Aldrich) , SnCl2.2H2O (Sigm a Aldrich) ,

NaOH (E. Merck) , HCl (E. Merck) , aquadest  ( IPHA laboratories) , radionuclide Technet ium -99m  from

generator 99Mo/ 99mTc (POLATOM), Whatman 3MM paper (Whatmann)  and pH Universal I ndicator (E.

Merck) . The equipments used were single channel analyzer  NaI (TL)  detector (Ortec) , TLC scanner

(Bioscan 2000) , Deluxe I sotope Calibrat ion (Victoreen) , vial 10 m L, m icro pipet te (eppendorf) ,

analyt ical scale (Met t ler Toledo) , oven (Memmert ) , disposable syringe (Terum o)  and other glass tools.

Anim als

This research used 24 m ale m ice ( Mus m usculus)  stock Swiss, each weighing 36-44 gram . This

research was approved by the ethics Commit tee for Care and Use of Laboratory Anim als (KEPPHP

BATAN)  with ethical approval number 003/ KEPPHP-BATAN/ IV/ 2015 and was perform ed according to

guidelines on animal experimentat ion.

Stat ist ical Analysis

The data were calculated to an unpaired, two- tailed dist r ibut ion student  t - test by statplus program ,

with 95%  of confidence level.

Radiolabeling of 99mTc-MDP and determ inat ion of radiochem ical purit y (Zolle, 2007)

The freeze-dried MDP kit  was reconst ituted using 1 mL of freshly eluted 99mTcO4 solut ion containing 1-

3 mCi of radioact ivit y. The solut ion was st irred for 1 m inute and incubated 30 m inutes at  the room

temperature. The radiochem ical purit y was determ ined by ascending paper chrom atography m ethod

using acetone and saline as mobile phase and whatmann 3MM as stat ionary phase. Paper

chromatogram was dried in oven at  80° C for  5 m inutes and then every 1 cm  piece of paper is

measured by the single-channel gamma counter detector NaI  (Tl) .

Pharm acokinet ic Study

The pharmacokinet ic study were performed by inject ing 0.1 mL of 99mTc-MDP int ravenously with a

dose 1 µCi/ µL in animals group I ,  I I  and I I I ,  which each group consists of three anim als. The blood

samples were collected from  animal tail at  0,833;  1;  2;  3;  4;  5;  6;  24;  25;  26 hours after inject ion of
99mTc-MDP. The blood samples were weighed and then the radioact ivit y was m easured using a single

channel analyzer with Na( I )TL detector. Samples were calculated and analyzed to get  percentage of

inject ion dose per gram samples (% ID/ g)  and the half life ( t 1/ 2)  of dist ribut ion and elim inat ion of
99mTc-MDP were calculated using Mult ifit  software (version 8/ 2000, developed by Dr. J.H.Proost ,

University Center for Pharmacy, Groningen, The Netherlands) .

Biodist r ibut ion study

Normal animal group I  and animal models group I I  and I I I  were injected with 0.1 m L of 99mTc-MDP

with a dose of 1 µCi/ µL int ravenously through the tail. Then, 3 hours after int ravenous inject ion, the

animals were killed with chloroform  and the vital organs were taken such as m uscle, bone, blood,

intest ine, stomach, liver, spleen, kidneys, heart  and lungs. Samples were collected, weighed, and the

radioact ivit y of each samples were counted using single channel analyzer with Na( I )TL detector. The

accumulat ion of each organ samples were calculated as percentage of inject ion dose per gram  organ.

Results and Discussion

Radiochem ical purit y is one of the requirements of radiopharmaceut ical qualit y test ing in addit ion to

clar it y, vacuum and pH. Radiochem ical purit y was determ ined by ascending paper chrom atography

system. As shown in Figure 1, acetone as a mobile phase was used to separate pertechnetate and

saline (NaCL 0.9% ) was used to separate the reduced technet ium , then the percentage of

radiochem ical purit y was calculated based on a calculat ion formula of 100% - % (TcO4
- +  TcO2) .  The

results of this test  showed that 99mTc-MDP radiopharmaceut icals had 97.92 ±  1.93% radiochem ical

purit y (n= 5)  with impurit y of TcO2 was 1.88 ±  1.92%  and TcO4
- was 0.71 ±  1.18% . The 99mTc-MDP

radiopharmaceut icals have been fulfilled the requirement  of United State of Pharm acopoeia, which the

percentage of radiochem ical purit y is greater than 95% . The solut ion of MDP dissolved easily in saline,

giving a clear and color less solut ion, vacuum  and pH between 5.8 – 6.0.

The pharmacokinet ic profile was conducted to determ ine the rate of dist r ibut ion and elim inat ion of
99mTc-MDP radiopharmaceut ical in the body through the determ inat ion of it s biological half life. As

shown in Figure 2, percentage of inject ion dose of 99mTc-MDP in anim al m odels t reatment

dexamethasone and prednisone for several days showed an increase com pared to the cont rol, results

at  13.28 ±  2.79 %  ID/ g and 13.56 ±  3.85%  ID/ g, respect ively than cont rol at  2.08 ±  0.36%  ID/ g.

Treatment  of dexamethasone and prednisone was sim ilar to pharmacokinet ic profile (Fig. 2) .
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Figure 1 . The chromatogram of 99mTc-MDP using (A)  acetone as m obile phase and (B)  saline as

mobile phase

About  12.34 and 12.06%  of the injected dose remains in the blood at  1 hour post - inject ion and 0.19

and 0.18%  at  24 hours, 99mTc-MDP were t reatment  with dexamethasone and prednisone. Following

int ravenous adm inist rat ion, 99mTc-MDP is cleared from  the plasma with a half- t im e of 3–4 m in. About

10%  of the injected dosage remains in the blood at  1 hour post - inject ion and less than 1%  at  24

hours (Saha, 2010) .

Figure 2 . Pharmacokinet ics profile of 99mTc-MDP using normal m ice stock swiss with t reatm ent  of

dexamethasone and prednisone and without  t reatment  as cont rol.

Based on calculat ions by the mult ifit  software (Table 1) , it  showed that  the dist r ibut ion half- life of
99mTc-MDP with t reatment  did not  differ significant ly from  cont rol. But  the elim inat ion half - life showed

a significant  difference where the biological half - life of 99mTc-MDP radiopharm aceut ical which

t reatment  with dexametasone (4.61 h)  and prednisone (4.43 h) ,  the half- life m ore faster than cont rol

(20.67 h) .

Table 1 . Dist r ibut ion and elim inat ion half- life of 99mTc-MDP radiopharm aceut ical given Glucocort icoids

drug t reatment  compared to cont rols without  t reatment  using Mult ifit  software

t 1/ 2 dist r ibut ion

(hours)

t 1/ 2 elim inat ion

(m inutes)

Cont rols (without  t reatment ) 0.21 20.67

Treatment  of Dexamethasone 0.23 4.61

Treatment  of Prednisone 0.20 4.43

Biodist r ibut ion study was performed 3 hours after int ravenous inject ion of 99mTc-MDP to anim al m odel.

I n nuclear medicine, imaging of bone scint igraphy using 99mTc-MDP usually perform ed 2-5 hours

afterwards for clearance of the adm inist rated radiopharmaceut ical from  the int ravascular

compartment  and from  the ext racellular nonosseous soft  t issues (Zuckier & Mart ineau, 2015) .

99mTc-MDP + 99mTcO2
99mTc-MDP
+ 99mTcO4

-

99mTcO2
99mTcO4

-
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The adm inist rat ion of dexamethasone and prednisone for several days has changed the pat tern of

biodist ribut ion part icular ly on the bone. As shown in Figure 3, the highest  percentage shown in the

bone, but  the bones which given t reatment  with dexamethasone and prednisone reduced bone uptake

than cont rol, results were 3.53 ±  0.49 %  and 3.47 ±  0.5% , respect ively which com pared to the

cont rol 11.54 ±  4.36%  ( t  t est , differ significant ly with the 95%  confidence level) . Dexam ethasone and

prednisone, glucocort icoids agent , are common to cont rol and t reat  several inflam m atory diseases and

side effect  of this agents especially for long term  is bone loss through decrease qualit y and quant it y of

m ineral bone density and rate of osteogenesis (Doroudi et  al., 2012) . A sm all am ount  of bone

synthesis depends on decreased calcium  availabilit y and decreased glucocort icoid - induced osteoblast ic

act ivit y (Longui, 2007) . Based on t - test , uptake of non target  organs showed there are no significant ly

differences between t reatments and cont rols. Non target  organs have lower uptake than bone ( target

organ) , which are below than 2.5%  of injected dose per gram.

Figure 3 . Biodist r ibut ion profile of 99mTc-MDP using normal m ice stock swiss with t reatm ent  of

dexamethasone and prednisone and without  t reatment

Conclusions

Administ rat ion of dexamethasone and prednisone as glucocort icoid agent  can alter pharm acokinet ics

profile and biodist ribut ion pat tern. Treatment  of dexamethasone and prednisone decreases bone

uptake and elim inat ion half- life of 99mTc-MDP radiopharmaceut icals

Acknow ledgem ents

The author would like to thank to Mr. I swahyudi, Achmad Sidik, Epy I sabella and other colleagues who

have helped in complet ion of this research.

References

Doroudi, A., Saadat i, S. M., Ahmadi, F., Khodayar, J., Rezaee, S., & Kaydan, H. H. (2012) . The effect  of

prednisolone on the sensit iv ity of technet ium  99m -methylene diphosphonate (  99m Tc-MDP) scint igraphy to

detect  simulated closed fracture in the rat t ibia. I ranian Journal of Nuclear Medicine, 20(1) , 32–38.

Factors, P. (2010) . Altered Biodist r ibut ion of Radiopharmaceut icals : Role of Radiochemical/ Pharmaceutical.

YSNUC, 40(4) , 220–241.

ht tp: / / doi.org/ 10.1053/ j .semnuclmed.2010.02.004

Goyal, J., & Antonarakis, E. S. (2012) . Bone- target ing radiopharmaceut icals for the t reatment  of prostate cancer

with bone metastases. Cancer Let ters, 323(2) , 135–146. ht tp: / / doi.org/ 10.1016/ j .canlet .2012.04.001

Khalil, M. M. (2011) . Basic Sciences of Nuclear Medicine. Vasa. Retr ieved from

ht tp: / / medcontent .metapress.com/ index/ A65RM03P4874243N.pdf

Liu, D., Ahmet , A., Ward, L., Kr ishnamoorthy, P., Mandelcorn, E. D., Leigh, R., Kim , H. (2013) . A pract ical guide to

the monitor ing and management  of the complicat ions of system ic cort icosteroid therapy. Allergy, Asthma,

and Clinical Immunology : Official Journal of the Canadian Society of Allergy and Clinical Immunology , 9(1) ,

30. ht tp: / / doi.org/ 10.1186/ 1710-1492-9-30

Longui, C. A. (2007) . Glucocort icoid therapy:  m inim izing side effects. Jornal de Pediat r ia, 83(5 Suppl) , S163–S177.

ht tp: / / doi.org/ 10.2223/ JPED.1713

Ogawa, K., & I shizaki, A. (2015) . Well-Designed Bone-Seeking Radiolabeled Compounds for Diagnosis and Therapy

of Bone Metastases, 2015 .

245



Proceedings of The 5 th Annual I nternat ional Conference Syiah Kuala Universit y (AIC Unsyiah)  2015

In conjunct ion with The 8 th I nternat ional Conference of Chemical Engineering on Science and Applicat ions (ChESA) 2015

September 9-11, 2015, Banda Aceh, I ndonesia

Saha, G. B. (2010) . Fundamentals of Nuclear Pharmacy (Sixth) . New York:  Spr inger. ht tp: / / doi.org/ 10.1007/ 978 1

4419 5860 0

Santos-Oliveira, R. (2008) . Radiopharmaceut ical drug interact ions. Revista de Salud Publica (Bogota, Colombia) ,

10(3) , 477–487. ht tp: / / doi.org/ 10.1590/ S0124-00642008000300013

Schwochau, K. (2000) . Chemist ry and Radiopharmaceut ical Applicat ions;  Wiley-VCH.

Zolle, I . (2007) . Technet ium-99m Pharmaceut icals. ht tp: / / doi.org/ 10.1007/ 978-3-540-33990-8

Zuckier, L. S., & Mart ineau, P. (2015) . Altered Biodistr ibut ion of Radiopharmaceut icals Used in Bone Scint igraphy.

Seminars in Nuclear Medicine, 45(1) , 81–96. ht tp: / / doi.org/ 10.1053/ j .semnuclmed.2014.07.007

246


